METHOD OF FABRICATING MICRO-CHIPS 



DESCRIPTION 
[Para 1 ] FIELD OF THE INVENTION 

[Para 2] The present Invention relates to the field of Integrated circuit 

fabrication; more specifically, it relates to a method of fabricating integrated 
circuit micro-chips. 

[Para 3] BACKGROUND OF THE INVENTION 

[Para 4] There are two trends In Integrated circuits. The first Is to 

smaller device dimensions and denser circuit layouts which drive ever smaller 
integrated circuit chip footprints. The second, is to specialized integrated 
chips, that contain relatively few devices (for example, thousands instead of 
millions) and can be made with very small horizontal chip dimensions. In fact, 
some applications of these specialized chips require very small footprint 
Integrated circuits. 

[Para 5] One problem with fabricating small footprint Integrated 

circuits is the large amounts of space required just to dice the wafer on which 
the integrated circuits are fabricated on into individual integrated circuit chips. 
A second problem, is the vertical to horizontal aspect ratio of very small 
integrated circuits can easily result In the vertical dimension (thickness) of the 
integrated circuit chip being significantly greater than the horizontal 
dimensions of the integrated circuit chip, even to the point of limiting the 
usefulness obtained by shrinking the horizontal dimensions. 

[Para 6] Therefore, there is a need for a method of fabricating micro- 

chip integrated circuits that results in significantly reduced micro-chip 
thickness and reduced waste of wafer area. 



[Para 7] SUMMARY OF THE INVENTION 
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[Para 8] A first aspect of the present invention is a metPiod, comprising: 

(a) providing a substrate; (b) forming a first single-crystal layer on a top 
surface of the substrate; (c) forming a second single-crystal layer on a top 
surface of the first single-crystal layer; (d) forming integrated circuits in the 
second single-crystal layer; (e) forming a set of intersecting trenches in the 
second-single crystal layer to form single-crystal islands, each single-crystal 
island containing one or more of the integrated circuits, the first single-crystal 
layer exposed in a bottom of the trench; and (f) removing the first single- 
crystal layer in order to separate the single-crystal islands from the substrate. 

[Para 9] A second aspect of the present invention is a structure, 

comprising: a substrate; a first single-crystal island on a top surface of the 
substrate; and a second single-crystal island on a top surface of the first 
single-crystal island, the second single-crystal island containing one or more 
devices or an integrated circuit. 

[Para 1 0] BRIEF DESCRIPTION OF DRAWINGS 

[Para 1 1 ] The features of the invention are set forth in the appended 
claims. The invention itself, however, will be best understood by reference to 
the following detailed description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 

[Para 1 2] FIGs. 1 A through 1 1 are partial cross sections illustrating 
fabrication of a micro-chip according to a first embodiment of the present 
invention; 

[Para 1 3] FIGs. 2A through 2D are partial cross sections illustrating 
fabrication of a micro-chip according to a second embodiment of the present 
invention; 

[Para 1 4] FIG. 3 is a top view of a wafer illustrating an array of integrated 

circuits; 
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[Para 1 5] FIGs. 4 and 5 are a top views of two alternative footprints for 

an exemplary integrated circuit tliat may be fabricated according to the 
present invention; 

[Para 1 6] FIG. 6 is a schematic circuit diagram of an exemplary 

integrated circuit that may be fabricated according to the present invention; 
and 

[Para 1 7] FIG. 7 is a flowchart of the steps of the method for fabrication 
of a micro-chip according to the present invention. 

[Para 1 8] DETAILED DESCRIPTION OF THE INVENTION 

[Para 1 9] FIGs. 1 A through 1 1 are partial cross sections illustrating 
fabrication of a micro-chip according to a first embodiment of the present 
invention. In FIG. 1A, a single-crystal silicon substrate 100 is provided. In 
crystalline solids, the atoms, which make up the solid, are spatially arranged in 
a periodic fashion called a lattice. A crystal lattice always contains a volume, 
which is representative of the entire lattice and is regularly repeated 
throughout the crystal. In describing crystalline semiconductor materials, the 
following conventions are used. The directions in a lattice are expressed as a 
set of three integers with the same relationship as the components of a vector 
in that direction. For example, in cubic lattices, such as silicon, that has a 
diamond crystal lattice, a body diagonal exists along the [111] direction with 
the [ ] brackets denoting a specific direction. IVIany directions in a crystal 
lattice are equivalent by a symmetry transformation, depending upon the 
arbitrary choice of orientation axes. For example, a crystal directions in the 
cubic lattice [1 GO], [01 0] and [001 ] are ail crystallographically equivalent. A 
direction and all its equivalent directions are denoted by < > brackets. Thus, 
the designation of the <100> direction includes the equivalent [100], [010] 
and [001] positive directions as well as the equivalent negative directions [- 
1 00], [0-1 0] and [00-1 ]. Planes in a crystal may also be identified with a set of 
three integers. They are used to define a set of parallel planes and each set of 
integers enclosed in ( ) parentheses identifies a specific plane. For example 
the proper designation for a plane perpendicular to the [1 00] direction is 
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(1 00). Thus, if either a direction or a plane of a cubic lattice is known, its 
perpendicular counterpart may be quickly determined without calculation. 
Many planes In a crystal lattice are equivalent by a symmetry transformation, 
depending upon the arbitrary choice of orientation axes. For example, the 
(1 00), (01 0) and (001 ) planes are all crystallographically equivalent. A plane 
and all its equivalent planes are denoted by { } parentheses. Thus, the 
designation of the {1 00} plane includes the equivalent (1 00), (01 0) and (001 ) 
positive planes as well as the equivalent planes (-1 00), (0-10) and (00-1 ). 
Layers having the sample crystal orientation will have same three 

[Para 20] three digit axis and plane designations. 

[Para 21 ] In FIG. 1 B, a single-crystal SixGey (hereafter SiGe) layer 1 05 is 
formed on a top surface 1 05 of silicon substrate 1 00. SiGe layer 1 05 may be 
formed by epitaxial deposition using dichlorosilane (SIGIzHz), germane (SiGe4) 
and Hz. It is to be understood that epitaxial deposition refers to the oriented 
growth of one crystalline substance upon the surface of another crystalline 
substance. In one example, SiGe layer 1 05 comprises about 20 % to about 50 
% Ge atoms to total atoms and is between about 1 microns to about 1 00 
microns thick. Note a SixGy layer may be grown instead of a SixGey layer. 

[Para 22] In FIG. 1 G, a single-crystal silicon layer 1 1 5 is formed on a top 
surface 1 20 of SiGe layer 1 05. Silicon layer 1 1 5 may be formed by epitaxial 
deposition using silane (SiH4) and H2. Silicon layer 1 1 5 is a single-crystal 
grown in the same crystal orientation of single SiGe layer 1 05 upon which it is 
deposited. In one example, silicon layer 1 1 5 is between about 10 microns to 
about 1 00 microns thick. 

[Para 23] Alternatively, the structure of FIG. 1 C may be formed by ion 
implantation of Ge directly into substrate 1 00 followed by a heat treatment 
(annealing)so SiGe layer 1 05 is formed as a buried single-crystal layer so the 
process illustrated in FIG. 1 B and described supra is eliminated. Silicon layer 
1 1 5 is then a portion of substrate 1 00 above the buried SiGe layer 1 05. 
Further, instead of a Ge ion implantation, an As or G ion implantation may be 
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performed, in which case the buried single-crystal layer becomes a SixAsy layer 
or a SixCy layer. 

[Para 24] In FIG. 1 D, devices (not shown) are fabricated in silicon layer 
1 1 5 and interconnection islands 1 25 formed on a top surface 1 30 of silicon 
layer 1 1 5. The devices fabricated in silicon layer 1 1 5 may include, but is not 
limited to n-channel field effect transistors (NFETS), p-channel field effect 
transistors (PFETs), bipolar transistors, resistors and capacitors and other 
devices usually fabricated in semiconductor substrates as part of an integrated 
circuit. Interconnection islands 1 25 may include one or more dielectric layers 
containing electrically conductive wires usually used to interconnect the 
devices in silicon layer 1 1 5 into an integrated circuit. 

[Para 25] In FIG. 1 E, photoresist islands 1 35 are formed on a top surface 
1 40 of interconnection islands 125. Photoresist islands 1 35 may be formed by 
applying a layer of photoresist, exposing the photoresist through a mask, and 
then developing the photoresist layer to remove unwanted portions of the 
photoresist layer and exposing portions top surface 1 30 of silicon layer 1 1 5. 
Photoresist islands 1 35 will define the edges of individual integrated circuits as 
described infra, 

[Para 26] In FIG. 1 F, silicon layer 1 1 5 (see FIG. 1 E) has been removed 
wherever it was not protected by photoresist islands 1 35 to expose portions of 
top surface 120 of SiGe layer 105 and form silicon islands 145. Silicon layer 
1 1 5 may be reactive ion etched (RIE) etched selectively with respect to SiGe 
layer 105. An RIE etch is a form of plasma etching that is often practiced to 
result in a higher etch rate in a direction perpendicular to the top surface of a 
substrate relative to a direction parallel to the top surface of the substrate. 
Alternatively, a non-selective timed over etch RIE performed or an RIE etch of 
silicon layer 1 1 5 may be performed until Ge is detected (i.e. by mass 
spectroscopy of down stream gases). Examples of a non-selective Si to SiGe 
RIE processes includes etching with an SF6/O2 mixture or etching with Brz. An 
example of a selective Si to SiGe etching RIE process includes etching with a 
SF6/H2/CF4 mixture. Silicon layer 1 1 5 may also be wet etched selectively to 
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SiGe layer 105 using aqueous KOH or tetramethyl ammonium Piydroxide 
(TMAH) wlien tlie Ge content of SiGe layer 1 05 exceeds about 20% Ge. 

[Para 27] In FIG. IG, SiGe layer 105 is removed wherever it was not 

protected by silicon islands 145. FIG. IG may represent a separate SiGe etch 
step from the processes described supra in reference to FIG. 1 F, or be a 
continuation of the etching of silicon layer 1 1 5. 

[Para 28] In FIG. 1 H, photoresist islands 1 35 (see FIG. IG) are removed. 
In FIG. 1 1, SiGe layer 1 05 (see FIG. 1 H) is removed, thus freeing individual 
micro-chips 1 50, each micro-chip including a silicon island 145 and a 
corresponding interconnection island 125. In one example, an isotropic etch 
process selective to SiGe relative to Si is used. One example of a selective SiGe 
to Si wet etch process includes etching the SiGe in a H2O2/HNO3 mixture or an 
H2O2/NH3OH mixture. One example of a selective SiGe to Si plasma process 
includes etching the SiGe using a GF4. One method to increase plasma etch 
isotropicity is to increase the pressure of a plasma etch process. 

[Para 29] FIGs. 2A through 2D are partial cross sections illustrating 
fabrication of a micro-chip according to a second embodiment of the present 
invention. In FIG. 2A, all the processes illustrated in FIGs. 1 A through 1 F and 
described supra have been performed and photoresist islands 1 35 (see FIG. 1 F) 
removed. In FIG. 2A, at least a continuous portion layer of SiGe layer 1 05 is 
still in place. 

[Para 30] In FIG. 2B a conformal layer 1 55 is deposited on exposed 
surface of interconnection islands 125, silicon islands 145 and SiGe layer 105. 
In one example, conformal layer 1 55 is Si3N4 and is about 0.25 microns to 
about 20 microns thick. 

[Para 31] In FIG. 2C, a RIE process has been performed to form sidewall 
spacers 160 protecting exposed sidewalls 145 of silicon islands 145. In FIG. 
2D, SiGe layer 105 (see FIG. 2C) is removed, using any of the processes 
describe supra in reference to FIG 1 1, thus freeing individual micro-chips 1 70, 
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each micro-chip including a silicon island 145, a corresponding 
interconnection island 125 and a sidewall spacer 165. 

[Para 32] The second embodiment of the present invention is useful 
when at least one horizontal dimension or vertical dimension (the vertical 
dimension is determined by the thickness of silicon layer 1 1 5, see FIG. 1 C) is 
small enough to be significantly reduced by the SiGe etching. For example, 
given a 1 0 micron thick, 1 50 micron square microchip where the selectively of 
the SiGe etch process relative to Si was 100:1 , the released micro-chip will be 
about 1 48.5 microns square and about 9.25 microns thick along its edges. 
The percentage of micro-chip shrinkage increases as the selectivity of SiGe to 
Si and as the thickness of and the horizontal dimensions of the micro-chip 
decreases. 

[Para 33] FIG. 3 is a top view of a wafer illustrating an array of integrated 
circuits. In FIG. 3, a wafer 1 75 includes an array of micro-chips 1 50 or 1 70 
separated by an area 1 80. One use for area 1 80 is to allow dicing of a wafer 
into individual chips. When a saw is used for dicing, the width the cut the saw 
makes may be referred to as a saw kerf. When the present invention is used 
for dicing, the width of the trench formed in the singleOcrystal silicon and 
single crystal SiGe layers may be referred to as etch kerf. That the present 
invention wastes less silicon wafer area (more chips can be produced per 
wafer) than fabrication techniques using, for example, a dicing saw to separate 
chips can be seen in Table I. 

[Para 34] TABLE I 
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[Para 35] it can be readily seen, tliat tlie present invention provides more 
cliips per wafer tlian convention saw dicing. Furtlier, witli very small 
dimension chips, the wafer thickness can be greater than the chip dimensions. 
The present invention, allows control of the micro-chip thickness without 
added steps of etching the completed chips after dicing which is often not 
possible. 

[Para 36] FIGs. 4 and 5 are a top views of two alternative footprints for 
an exemplary integrated circuit that may be fabricated according to the 
present invention. An example of an integrated circuit chip that may be 
fabricated using the present invention is radio frequency identification (RFID) 
micro-chip. The circuit of atypical RFID micro-chip is illustrated in FIG. 6 and 
described infra. Microchip 1 85A is square and includes a square antenna 
1 90A. Microchip 1 85B is rectangular and includes a rectangular antenna 1 90B. 
where its length L is about 4X or more greater than its width W. In some 
applications, a long thin antenna is more useful, but the waster of space in 
mechanically dicing (i.e. sawing or laser etching) a wafer of high L/W aspect 
ratio is prohibitive. High L/W aspect ratio micro-chips fabricated according to 
the present invention are not as wasteful of wafer area. 

[Para 37] FIG. 6 is a schematic circuit diagram of an exemplary 
integrated circuit that may be fabricated according to the present invention. In 
FIG. 6, RFID circuit 200 includes a power receiver 205 for receiving 
electromagnetic radiation through an antenna 210 and converting the received 
electromagnetic radiation to electrical power. Power receiver 205 in turn 
supplies power to a transceiver (or a transmitter only) 21 5, a micro-processor 
220 and a memory 225. Micro-processor 220 is connected to memory 225 by 
a bus 230 and micro-processor 220 is connected to transceiver 215 by a bus 
220. Transceiver 21 5 is also connected to antenna 210. In one mode, when 
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power is generated by an external power source, transceiver 21 5 transmits a 
signal generated by processor 220. in another mode, when power is 
generated by an external source, memory 225 records information received 
from processor 220 via transceiver 215. 

[Para 38] FIG. 7 Is a flowchart of the steps of the method for fabrication 
of a micro-chip according to the present Invention. In step 240, a single- 
crystal layer Is formed on a top surface of a single-crystal substrate. The first 
single-crystal layer is a different material than that of the single-crystal 
substrate. In one example, the first single-crystal layer is SiGe and the single- 
crystal substrate Is SI. 

[Para 39] In step 250, a second single-crystal layer is grown on a top 
surface of the first single-crystal layer. In one example, the second single- 
crystal layer Is SI and the single-crystal substrate Is SI, each which may be 
independently doped n-type, p-type or undoped. 

[Para 40] In step 250, devices such as NFETS, (PFETs), bipolar 
transistors, resistors and capacitors are formed In the second single-crystal 
layer and an interconnect wiring level(s) formed on a top surface of the second 
single-crystal layer. 

[Para 41 ] In step 255, a series of intersecting trenches are formed in the 

second-single-crystal later to form of single-crystal islands and corresponding 
interconnect wiring level(s). 

[Para 42] In step 260, the method branches depending upon whether a 
spacer process Is to be performed. If In step 260, a spacer process is to be 
performed, then In step 265 a conformal layer Is formed over exposed 
surfaces of the interconnect wiring level(s), the single-crystal islands and the 
first single-crystal layer. Then in step 270, the conformal layer is converted to 
a sidewall spacer protecting at least the sidewall of the single-crystal islands 
and exposing at least a portion of the first single-crystal layer between the 
single-crystal Islands. The method then proceeds to step 275. If a spacer 
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process was not selected in step 260, the method proceeds directly to step 
275. 

[Para 43] In step 275, a series of Intersecting trenches is formed in the 

first single-crystal layer between the single-crystal islands. In step 280, the 
single-crystal islands are undercut by removal of the first-single-crystal layer 
to form micro-chips. 

[Para 44] In step 285, it is determined if the single-crystal substrate is 
to be reused, then in step 290, a chemical-mechanical polish (CMP) is 
performed, a cleaning procedure performed, and the method loops back to 
step 240, otherwise the method is done. 

[Para 45] Thus, the present invention provides a method of fabricating 
micro-chip integrated circuits that results in significantly reduced micro-chip 
thickness and waste of wafer area. 

[Para 46] The description of the embodiments of the present invention is 
given above for the understanding of the present invention. It will be 
understood that the invention is not limited to the particular embodiments 
described herein, but is capable of various modifications, rearrangements and 
substitutions as will now become apparent to those skilled in the art without 
departing from the scope of the invention. For example, the present invention 
may be practiced using chips of any dimension and is useful for fabricating 
conventional sized integrated chips that are very thin without having to resort 
to backside grinding to reduce the thickness of the integrated circuit chip.. 
The silicon layer may be replaced with other single-crystal layers such as other 
semiconductor materials and used in conjunction with the single-crystal 
SixGey, the single-crystal SixCy or single-crystal SixAsy layers described supra 
Therefore, it is intended that the following claims cover all such modifications 
and changes as fall within the true spirit and scope of the invention. 
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